The objectives of this study were to know and to characterize the behavioural patterns of frugivorous birds in Lacistema hasslerianum. The study was carried out in the Panga Ecological Station (Uberlândia, Minas Gerais State). During the frutification time (September-October), L. hasslerianum was observed for 31.25 hours and received 58 visits by five species of birds. Tyrannidae was the best represented family (2 species). Pipridae was the most frequent visitor in L. hasslerianum (68.97% of visits). The number of consumed fruits was correlated with the time of permanence on the plant. The main foraging tactic was "Stalling" (58.62%) and the most frequent fruit consumption strategy was "swallower" (45.25%), which indicates a high seed dispersal potential. Antilophia galeata (Pipridae), although a territorial bird, presented the best dispersal efficiency for Lacistema hasslerianum, because of its consumption rate (2.82 whole fruits consumed/minute).
Introduction
The role of birds as dispersal agents and their influence on seed germination have been associated with environmental regeneration and maintenance (Argel-deOliveira et al., 1996; Guedes et al., 1997; Oliveira and Paula, 2001) . In this sense, the interactions of frugivorous birds with zoochorous plants are of great interest, especially where this dispersion type is predominant, as in forest formations of the Cerrado Bioma, the Neotropical savanna areas of Central Brazil .
Dispersal effectiveness is defined as the contribution of the dispersal agent to the plant reproduction and depends on two different parameters, the quantity and quality of seed dispersal (Schupp, 1993) , which results from factors such as time of visit, number of fruits consumed, disperser behaviour (handling) and deposition of the intact seeds on appropriate sites and choice of mature fruits (Herrera, 1982; Motta-Júnior and Lombardi, 1990; Schupp, 1993; Galetti and Pizo, 1996; Murali, 1997) . gallery forests of the Distrito Federal (Silva-Júnior et al., 2001 ), but it is one of the most abundant in the forest gradient of the Ecological Station of Panga, in Uberlândia, MG (Arantes, 2002) . It is a typical species of Gallery and Mesophyllous forests, appearing mainly close to water courses. The fruiting period of L. hasslerianum is between September and December (Arantes, 2002 ) with a peak from mid-September to the beginning of October, when mature fruits are produced in larger quantities (Melo, 2003) . The fruit is a dehiscent capsule with a red pericarp and a white aril surrounding the seed, a contrasting arrangement which is commonly associated with bird dispersed fruits. Average fruit (propagule) dimensions are 6.29 x 3.53 mm. Sugar concentration in the aril is ca. 15.5% (Melo, 2003) .
The study was carried out in a Gallery Forest area in the Panga Ecological Station (PES) in Uberlândia-MG (19 09'-19 11'S and 48 23'-48 24'W; 800 m), an area of 409.5 ha maintained by the Federal University of Uberlândia (Schiavini and Araújo, 1989) . The climate of the area is seasonal with a rainy summer, between October and March, and a dry winter, between April and September (Rosa et al., 1991) . The vegetation of the area is the Cerrado, open savanna formations, and forest gradients formed by the Gallery forests, Mesophyllous forest and Cerradão, denser woodlands. The studied gallery forest, along the Panga stream, has an area of approximately 15 ha (Arantes, 2002) , with a continuous gradient to Mesophyllous forests and Cerradão (Schiavini, 1992) .
Five focal individuals of Lacistema hasslerianum were observed in September and October of 2001. The observations were carried out between 6:45 AM and 5:30 PM, a period which was divided in 15 minutes observation intervals. A total of 31 hours and 15 minutes distributed along four weeks, the period of mature fruits presentation. Each 15 minutes interval was sampled four times up to 11:30 AM, and after this, there were made two samples per interval.
Procedures
The frugivorous birds that removed fruits (actually the diaspore was removed, which consisted of the seed plus the aril, but hereafter, we will refer to fruit removal for simplicity) from L. hasslerianum were observed. For each visit we registered: a. bird species, b. time of arrival and exit of the plant, c. number of consumed fruits, d. foraging tactics and e. consumption strategy. The foraging tactics were adapted from Moermond and Denslow (1985) as: "Stalling" (flight) when the bird collect the seed in flight, without landing on the plant or hovering in front of the fruit and "Picking" (settling), when the bird settled on the plant while removing and consuming the fruits.
The birds were classified for their fruit consumption strategies as suggested by Schupp (1993) : "Swallower" -they gobbled up the whole fruit with the seeds; "Pulp consumer" -they removed pieces of the pulp, perforating or pecking the fixed fruit in the plant and "Predator" However, typical dispersal agents may be deficient in their dispersal ability (Schupp, 1993) . Several factors interfere in the choice of fruits, such as colour, accessibility, nutrition value (Snow, 1971) , shape, size, position of the fruits (Foster, 1977) , abundance (Snow, 1971; Moermond and Denslow, 1983; Levey et al., 1984) and size of the beak of the dispersal agent (Kantak, 1979) . Such factors can lead to different ecological consequences under specific conditions. If there is a relative abundance of fruits, the frugivore may be able to move to areas with larger availability of resources (Foster, 1977; Levey et al., 1984) or make more restrictive choices (Moermond and Denslow, 1983) . On the other hand, in periods of shortage, when mature fruits can be rare and in reduced amounts, this resource would be explored intensely, leading to an even faster decrease (Lambert and Marshall, 1991) . The foraging tactics that determine the amount of fruits ingested in a certain period of time, as well as the consumption strategy will determine the role of the frugivore (disperser or predator).
The understory of tropical forests sustains a different fauna from the canopy, with species of birds restricted to these areas, to which understory plants are the largest source of resources (Gentry and Emmons, 1987) . Although there is a prevalence of omnivorous and insectivorous birds out on the canopy, in the understory of tropical forests, the insectivorous species are dominant and they tend, furthermore, to suffer less seasonal oscillation (Greenberg, 1981) . The largest consumption of fruits, including consumption by insectivorous and omnivorous species, has been typically associated with the time of reproduction of the birds and with opportunities due to availability of resources (Mikich, 2001) . Considering the importance of the understory of forest physiognomies of the Cerrado region to the maintenance of the avifauna (Bagno and Marinho-Filho, 2001; Melo, 2003) , there is a need for additional information on plant-frugivore interactions in these habitats. Some understory plant species can be important for local avifauna restricted to these habitats (Gentry and Dodson, 1987) .
The objective of this study was to observe the frugivorous birds that consume Lacistema hasslerianum Chodat fruits, a common species in the understory of forests in the Triângulo Mineiro region, in central Brazil, in order to characterize and to compare the behaviour of the frugivorous birds with respect to foraging tactics and fruit consumption strategies. Such informations were further used to determine the main seed dispersers and to test the hypothesis that birds with more specialized frugivorous diets would present better fruit handling and consumption efficiency (number of fruits/time) besides rendering better seed dispersal for this understory tree.
Material and Methods

Plant species and study area
Lacistema hasslerianum is a shrub or treelet of the family Lacistemaceae. This family is considered rare in Although it also visited L. hasslerianum throughout the whole day, Saltator similis presented smaller peaks, between 0.25 to 1.5 visits per hour (mean 0.35 ± 0.53), than A. galeata, that accomplished between 0.25 and 3.0 visits per hour (mean 1.21 ± 0.93). Coereba flaveola Linnaeus, 1758 concentrated the visits and fruit consumption between 9:30 and 10:00 AM and its mean visiting time varied from 3.5 to 5.17 minutes (mean 4.08 + 0.94).
In terms of consumption rate, S. similis and C. flaveola presented the more accentuated peaks with up to 8 (mean 2.53 ± 1.56) and 7 (mean 2.02 ± 0.58) fruits consumed per hour, respectively. Although A. galeata presented smaller peaks (5.5 fruits consumed per hour) than S. similis and C. flaveola, the oscillation in the consumption rate was smaller (mean 1.81 ± 1.57). In spite of the number of fruits consumed by S. similis (N = 51) having been similar to those consumed by A. galeata (N = 53), these species were different in terms of consumption strategy. Antilophia galeata generally gobbled the whole seeds (98.11%), and S. similis destroyed them (90.19%) ( Table 2) . Coereba flaveola consumed the aril only, without removing the seeds from the plant (N = 28 fruits consumed). The number of consumed fruits was positively correlated with the time of permanence of the bird on the plant (r s = 0.8656; gl = 25; p < 0.00001). In most of the observed visits (72.4%), there was consumption of one or two fruits.
Antilophia galeata presented the greatest fruit consumption rate (2.82 fruits whole per minute of visit) which therefore, possessed the largest dispersal efficiency. Although the rate of fruit consumption of S. similis was larger (4.9 fruits per minute of visit) than A. galeata, this species behaved as predator of most of the consumed fruits (88.5%), because when consuming the fruits, the seeds were triturated before ingestion. This was confirmed by direct observation of seedling handling by the birds and fragments of the seeds discarded during foraging bouts. During the observed visits, only five fruits -when fruit consumption implied damage to the seeds and "Manipulator" -handled the fruits with the beak ingesting the juice and edible pulp, usually discharging entire seeds. The dispersal efficiency was inferred from the consumption rate, calculated as the average rate of whole fruits consumed per time of permanence on the plant (Motta-Júnior and Lombardi, 1990; Schupp, 1993) .
The Spearman correlation (Zar, 1999) was used to verify if the time of permanence on the plant and fruit consumption varied linearly in the same magnitude. The index of diversity of Shannon-Weaver (J') (Zar 1999) was used to describe the contribution of the different bird species to the number of visits and consumed fruits. The Coleman Rarefaction (EstimateS 6.0) was made to estimate the species richness.
Results
There were 58 visits by five species of birds (Table 1) , and in 55 visits the consumption of 138 fruits was observed. Tyrannidae was the most representative family with two species and Pipridae, the most frequent (68.97% of the visits). The most frequent species were Antilophia galeata Lichtenstein, 1823 (Pipridae; 68.97% of the visits), a frugivore bird, and Saltator similis D'Orbigny and Lafresnaye, 1837 (Fringillidae; 22.42% of the visits), an omnivore specie (Tables 1 and  2 ). During the first two weeks of fruit presentation (observation sections 1-15), only these bird species were observed on L. hasslerianum. The remaining three species were recorded only during the third and fourth week of the study (observation sections 16-32) (Figure 1) , when the number of fruits was already smaller and they were less explored by A. galeata (2.5% of the visits) and S. similis (23% of the visits). The Coleman Rarefaction Curve shows the tendency to stabilization (Figure 1) .
The visits occurred during the morning and afternoon, with two visitation peaks, between 7:00-8:00 AM and 12:00-3:00 PM (Figure 2) . Antilophia galeata visited L. hasslerianum during the whole day (Table 1) , and presented the largest visitation peaks, between 10:00 AM and 2:30 PM, even so it maintained ingestion rates relatively low (oscillating between 0.5 and 5.5 fruits/hour). By visit mean ± dp(n) Fo, Gr been previously reported as a seed disperser (Faustino and Machado, 2006) , its omnivorous diet and the fact that it acted as seed predator in most foraging bouts reduced its dispersal potential. The consumption strategy as an indicator of dispersal quality demonstrates that the effectiveness of the dispersal agent depends both on the quantity and quality of dispersal Schupp (1993) . The predominant use of the "Swallower" strategy by L. hasslerianum visitors implies greater probability of seed dispersal (Schupp, 1993) . The technique of handling the fruit, besides the morphologic adaptations of the frugivore bird, influences the number and types of consumed fruits (Blake and Loiselle, 1992) . The number of consumed fruits can be a result of foraging tactics (Kantak, 1979) . In L. hasslerianum, the use of the "Stalling" strategy implies the collection of a single fruit, which demanded considerable more energy for the bird but could have the benefit of avoiding agonistic interactions and predation. The advantage for the plant is that the flight foraging tactic will lead to greater movement of the frugivores wich can disperse the seeds away from the parent plant.
PIPRIDAE
Dispersers' species differ in relation to the importance given to the fruit in their diet and in the choice of fruits (Schupp, 1993) . The preference depends on the accessibility of the fruits, distance and several factors that affect costs (Levey et al., 1984) . Moreover, variations in the abundance and size of the birds (Rodrigues, 1995) will contribute to differences in the visitation (Schupp, 1993) and dispersal rates (Castiglioni et al., 1995) .
The fact that L. hasslerianum is mainly visited by A. galeata can improve dispersion chances and reproductive success. Antilophia galeata is an endemic bird of the Cerrado region, frugivorous, and part of a small group of species (9%) totally dependent on the forest environment (Bagno and Marinho-Filho, 2001 ). Frugivores, such as A. galeata, may be efficient dispersers because they spend less time and energy foraging than other birds with different diet types and habitat specialization (Foster, 1977) .
However, A. galeata is a territorial bird which may reduce dispersal success of L. hasslerianum, because males define and defend the territory with a central area of approximately one hectare (Marini and Cavalcanti, 1992) . Territorial species are able to obtain high gains for long periods, with relatively low foraging efficiency, when the environment is favourable. This would render less efficient fruit dispersal.
In the case of L. hasslerianum, the territorial behaviour of A. galeata should be a limiting factor for dispersion, since it would maintain the seeds inside a restricted area of the forest understory. However, omnivorous birds, exploring other plants and flying actively among physiognomies of the Cerrado area could transport seeds of L. hasslerianum out of forest habitats and to environments where the germination success and establishment would be smaller or null.
were consumed intact by S. similis, which represents a whole fruit consumption rate, and potential dispersal, of only 0.48 fruits per minute.
In most of the visits (69.09%), a single fruit was consumed, and the "Stalling" (flight) foraging tactic was the most used (58.62%). The "Swallow" consumption strategy was the most commonly used (45.25%) followed by the "Predator" one (33.58%), which was exclusively used by S. similis.
The number of bird visits to L. hasslerianum was more heterogeneous (J' = 0.54) than the fruit consumption by frugivorous birds (J' = 0.74). This implies that, although the visits oscillated throughout the day, presenting peaks, fruit consumption did not oscillate so intensely.
Discussion
The fruit of L. hasslerianum can be considered medium sized (as defined by Kantak, 1979) . Its shape and size can favor the consumption by smaller frugivorous birds such as A. galeata, but they can also be used by less specialized birds. In this same area, a study with Faramea cyanea presented different results, with the prevalence of omnivorous species of Turdidae. As the handling of the fruits depends on its shape and size (Foster, 1977) , larger fruits such as the one of F. cyanea, can restrict the consumption by some smaller frugivores due to the difficulty of gobbling up the whole fruit (Melo, 2003) .
Another aspect is the relationship between the nutritious reward and fruiting period. The complete nutritional composition of L. hasslerianum is still unknown. We do know that L. hasslerianum presents a peak in the end of the dry season and beginning of the rainy season, and sugar content of 15.5%, which is higher than other species in the area, such as F. cyanea, which offers fruits at the beginning of the dry season and Erythroxylum subracemosum and Neea hermafrodita which offers fruits at the middle of rainy season (Melo, 2003) . The strategy to alternate fruiting peaks can also be advantageous for the maintenance of the dispersal agents in the area (Talora and Morellato, 2000; Arantes, 2002) .
Birds stayed for a relatively short time on L. hasslerianum. This behaviour characterizes them as efficient seed dispersers, because it decreases the chance of regurgitated the seeds under the mother-plant (MottaJúnior and Lombardi, 1990) . Despite the high frequency of visits by omnivorous birds, the frugivore A. galeata (Marini, 1992) presented the best dispersal potential: the largest amount of fruits consumed in a given time.
The consumption efficiency indicates the dispersal potential of the frugivore, once the strategy of fruit consumption is known. In this study, as there were species that behaved as predators of seeds, it was necessary to associate the consumption strategy adopted with the number of visits in order to estimate the quantity and quality of fruit dispersal (Schupp, 1993) . Despite S. similis having
